INTRODUCTION
In prior research, it has been indicated that low operator as well as institutional volume may have, among others, a connection with increased risk regarding adverse events in settings of percutaneous coronary interventions (PCI) [1, 2] . The current guidelines provided by the American College of Cardiology, American Heart Association as well as the Society for Cardiovascular Angiography and Intervention (ACC/AHA/SCAI) suggest that a minimum of 50 interventional procedures are required yearly (over the averaged period of 2 years) in order for the competence to perform PCI with Class C evidence level to be maintained [3] . In the UK, the British Cardiovascular Interventional Society (BCIS) endorses the opinion that an independent operator should execute 150 procedures in total over a period of 2 years in order to sustain proficiency [4] . Analogous references are given in the ESC guidelines for Class IIa evidence level C concerning operators executing PCIs in the case of acute coronary syndromes (ACS) [5] . The evidence which describes this relationship to date is rather contradictory. Some studies report higher operator volume to be connected with improved outcomessuch as reduction in the number of in-hospital mortalities or other adverse events , while other researchers have not noted such a link [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
The objective of this study was assessment of the connection between operator volume and procedure-related mortality rate with regard to procedure mode.
METHODS

Materials
Data for conducting the current analysis were obtained from the national registry of percutaneous coronary interventions (ORPKI) maintained in cooperation with the Association of Cardiovascular Interventions (AISN) of the Polish Cardiac Society. The register is free-ofcharge and covers almost all catheter laboratories (CathLabs) performing PCIs in Poland, and has been characterised in previously published papers [16] . The study covered data obtained from the registry between January 2014 and December 2017.
Statistical analysis
Continuous variables are presented as mean [standard deviation] and median ÷ interquartile range, depending on normality assessed using the Kolmogorov-Smirnov test. Categorical variables are presented as numeric values (percentages). Continuous variables were compared using the two-tailed Student's t-test and the Mann-Whitney U-test, whereas categorical variables via the χ 2 test or Fisher Exact test when appropriate. To investigate the association between operator (defined as the total number of procedures the consultant was responsible for in the previous 12 months) and periprocedural mortality in the presence of confounding and clustering effects (PCI operator), we used multivariable, mixed effects logistic regression modelling. The multivariable model was adjusted for patient demographics, medical history as well as procedure details: age, gender, weight, diabetes, previous stroke, previous PCI, previous coronary artery bypass grafting (CABG), smoking, hypertension, kidney disease, year of procedure, total site volume, use of fractional flow reserve, use of intravascular ultrasound (IVUS), use of optical coherence tomography, pre-procedure Thrombolysis In Myocardial Infarction (TIMI), indication to procedure, chronic total occlusion, bifurcation, access site, radiation dose and contrast dose. To analyse nonlinear relationships with annualised operator volume and risk-adjusted mortality rate per operator, we used local polynomial regression. A p value lower than 0.05 was considered significant. Statistical analyses were performed using R version 3.5.3 and the 'lme4' version 1.1-21 and 'tidyverse' version 1.2.1 packages. 
RESULTS
The current analysis included all
Clinical characteristics at baseline
Operators with a lower number of annual PCIs (Q1 and Q2), treated significantly younger patients in comparison to the operators with a greater number of PCIs (Q3 and Q4). In general, potentially more difficult procedures expressed as a higher number of patients after previous PCI, CABG and myocardial infarction were performed by high-volume operators (Q3 and Q4).
High-volume operators treated patients with stable and unstable angina significantly more often, while low-volume operators treated acute myocardial infarctions and acute coronary syndromes generally more frequently. This remained in parallel with concomitant diseases including diabetes, kidney failure and smoking habit, where patients treated by low-volume operators were more often burdened with them ( Table 1) .
Procedural indices
Considering gender, in general, there were only 2.83% of females operators, and they remained mainly among low-volume operators (Q1 and 2). Both the general and detailed assessment of vascular access revealed that high-volume operators used radial arteries in contrast to lowvolume operators significantly more often. More advanced procedures such as PCI of chronic total occlusions, PCI of bifurcated lesions or rotablations, were significantly more often performed by high-volume operators. Other procedural indices are presented in Table 2 .
Procedure-related complications
In the current study, the overall mortality rate was 0.46%, while no-reflow rate was 0.51%, cardiac arrests totalled 0.41%, coronary artery perforations equalled 0.17%, allergic reactions were 0.14% and puncture site bleeding rate was 0.09%. No-reflows occurred significantly more often in patients treated by low-volume operators (Q1 and 2). A similar inverse correlation was observed between operator volume and cardiac arrests (P<0.001), allergic reactions (P<0.01) and puncture site related bleedings (P<0.001).
Predictors of mortality in the overall group of patients
Analysing the overall group of patients treated with PCI, regardless of the method of operator volume estimation, multivariable analysis demonstrated no statistically significant relationships with procedure-related mortality (Figure 1 ). Such a statistically significant relationship was demonstrated for a number of other factors, which coincided both in the case of operator volume assessed using quartiles and continuous variables from 100 intercepted procedures. Other factors related to the mortality rate are presented in Table 3 .
Predictors of mortality in patients with stable angina
In the group of patients with stable angina, regardless of the method of assessing the procedure volume (quartiles, continuous variables), there was no statistically significant relationship with mortality. Other factors related to the mortality rate are presented in Table 4 .
Predictors of mortality in patients with acute coronary syndromes
In contrary to the above mentioned assessments, in the group of patients with acute coronary syndromes, the relationship of procedure volume and mortality was more outlined. Highvolume operators (Q4) were related to lower mortality in multivariable analysis. Also, when assessing procedure volume as a continuous variable, we noticed borderline significance in relations between high-volume operators and lower mortality rate. The significance of other factors estimated by means of multivariable analysis coincided considering quartiles and continuous variable. Other factors related to the mortality rate are presented in Table 5 .
Discussion
In the present study, it was discovered that there was no existing significant correlation between operator volume and the rate of mortalities connected with the procedures in the overall group of patients. Comparable results were achieved in the stable-angina patient group.
Remarkably, the mortality rate in the case of high-volume operators (4 th quartile) was significantly lower among acute mode (ACSs) patients. Nonetheless, when the operator volume was evaluated as a continuous variable, this correlation did not reach statistical significance (the relationship was borderline). Furthermore, we demonstrated that particular complications connected with the procedure are inversely related to operator volume. We have also established an inverse association between site volume and procedure-related mortality rate, independent of the mode of the PCI procedure.
In the present literature examining the relationship of operator volume with post-PCI outcomes, discrepancies can be noted in the findings. In some research papers, an increase can be noted in adverse events with regard to lower operator volume following risk-adjustment, while in different studies, such associations do not exist [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In one of the studies, i.e. by Hulme et al. [17] , the relationship between in-hospital, 30-day mortality as well as operator volume was not confirmed. This was noted both in the case when operator volume was demonstrated continuously, and when volume was dichotomised at the level of 50 or 75 PCIs yearly. This analysis comprised all PCIs executed in a certain period of time, including elective procedures and ACSs. In a huge meta-analysis investigating 23 studies and 1,109,103 patients, no strong evidence regarding short-term mortality reductions or operator volume were noted, although some evidence concerning a decrease in major adverse cardiac events for high-volume operators was present. For this volume, the mean follow-up time was 2.8 years [18] . A later- and 2015 taken from the Japanese PCI registry, no significant variances were noted with reference in-hospital mortality rate or a composite of peri-procedural complications in connection with operator volume [14] . Despite the fact that data were extracted from a similar time and that analogous rates of radial access (61.3% -Japan vs. 67.5% -our study), differences in culture as well as levels of operator volume make it difficult to translate these findings to the European context. In the present study, the average number of procedures carried out by a single operator annually, was 159. This is considerably greater than the number given in the NIS database in the US (between 33 and 58 PCIs yearly), the CathPCI Registry (59 PCIs annually, IQR 21-106), and in the J-PCI registry in Japan (28 PCIs yearly, IQR 10-56) [8, 9, 14] .
Moreover, in the CathPCI registry, 44% of operators undertook <50 PCI yearly, while in the current study, more than 72% of operators executed 75+ PCIs yearly, and 80% of operators and more carried out above 50 PCIs annually. Two studies studying this relationship noted postadjustment in-hospital mortality decreases in the case of operators carrying out over 11 primary procedures per year or over 10 primary procedures yearly [6, 11] . In the study on CathPCI, the operator volume and in-hospital mortality rate correlation was significant among patients demonstrating ST-segment elevation myocardial infarction (STEMI). Over the past ten years, PCI volumes have declined, and many operators have noted a corresponding decrease in the number of conducted procedures [19] . comparison to high-volume operators (>100 PCIs/year). Nonetheless, the overall in-hospital mortality rate was not high, reaching only 1.08%, while in our research, the rate of procedurerelated mortality was 0.46% [8] . Nevertheless, this number did not include all deaths occurring in-hospital. Fanaroff et al. also showed that in-hospital mortality following PCI undergoes a linear increase along with the decrease in operator volume. This is devoid of an inflection point suggesting a minimum annual PCI number [9] . Following adjustment regarding procedurerelated indices, i.e. radial access, antithrombotic choice, dissimilarities in mortality rates among high-, intermediate-and low-volume operators decreased, signifying that high-volume operators apply concrete strategies that, in some cases, may improve outcomes. This was mirrored in the authors' research. Additionally, it may be the case that some low-volume operators practice at high-volume centres [7] . Fanaroff et al. also advocated that operator volume may sometimes play a greater role among lower-risk patients, whereas patient factors may overpower the consequences of operator volume on outcomes among patients experiencing ST-elevation myocardial infarction (STEMI) [9] . Low-volume operators execute a inconsistent number of PCIs in emergency settings as well as primary PCIs for STEMI, which suggests that they may take on a significant role in maintaining PCI access.
Conclusions
Operator volume is not associated with periprocedural mortality in the overall group of patients treated with PCI and in patients treated in elective mode. Nonetheless, high-volume operators are related to lower procedure-related mortality rate in comparison to low-volume operators among patients treated in acute modeacute coronary syndromes. High-volume CathLabs are associated with lower procedural related mortality rate in the overall group of patients treated with PCI. In these group of patients, high-volume operators are related to lower rate of procedural related complications.
Limitations
Although prior studies have shown disparities in cardiovascular outcomes associated with race and socioeconomic variables, these variables are not included in our model or other adjustment models used for public reporting. Another very significant limitation of the study is the lack of any follow-up, including all complications during hospitalization as well as short and long term follow-up after discharge from the hospital. Similarly, a larger or smaller portion of procedural related complications can be assessed in consecutive days of hospitalization until discharge from the hospital, and the available registry does not have such data. An additional factor that may affect the obtained research results is the lack of correction for confounders associated with increased cardiovascular risk burden in the group of patients with ACS undergoing PCI procedures, which can undoubtedly affect the bias associated with the delusional increase in mortality in this group of patients. Nonlinear relationship with annualised operator volume and risk-adjusted mortality rate per operator -local polynomial regression analysis
